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Genetics Solution : Fishery Independent Data
(  Low cost,    High Throughput,   Forensic Grade   )

• Avoids problems due to changes in fishing effort 
(i.e. fleet reductions, different methods/gear types)

• Overcomes bias in data collected by fisheries

• Costs now feasible for high throughput DNA analysis

Rjigged'Panels'Oct02010.docx''(Last'printed'13/01/11'4:07'PM)' '1"
These Are the Current Panels Running for SbtKin_2000 (Jan-2011) 

PANEL H2:moved zC11 into Panel-D originals and check how it works in 8hour PCR. Also remove D552 from original Panel D. 

B8b barcode              92[  ]100 

D225(80-333 CAGT)             211[________________________________________________]567 
D203(CAGT (fam)*pic=0.93           253[___________________________]391 
D541(317/478)pic=0.81         172[___________]224 

D122(356/476_short)        98[____________________]198 
D517(21/130)   121[_______________________________________________________________________________]477 

D573(180/373)pic=0.90                    205 [_________________________]341 

D111(64f/177cagt_rpic=0.85 120[_________________]208  

NOTE: for H2 panel here the D111[120-208[n=9)] and D573[205(n=5)-341] actually have alleles that overlap so we need to sort out how best to resolve dubious peaks. 
We can make the bins for both loci from 202-212 will be very tight, say .75 bp to give us a lot of “?” that we will scrutinise manually! 
Same Goes for Panel L2  with D549 [139-203(n=1)] and  D570[202(n=5)-306] FAM loci. 

 
          |                   |                   |                   |                   |                   | 
+---------1---------+---------2---------+---------3---------+---------4---------+---------5---------+---------6 
          |                   |                   |                   |                   |                   | 

 

PANEL L2: 

B8b barcode              92[  ]100 

D552(4/333)pic=0.92     262[____________________________________]431 When testing see if leaving this out works better. 

z3C11a(263/386 (161bp)pic=0.85                  146[__________________]238 

D570(201/405)pic=0.93                  202[________________________]306 

D549(25/152)pic=0.82                139[____________]203 
D524(420/580)pic=0.83                    166[__________________]238 

D592a(64/273L37)pic=0.81                      219[_____________________]307 

 

 

          |                   |                   |                   |                   |                   | 
+---------1---------+---------2---------+---------3---------+---------4---------+---------5---------+---------6 
          |                   |                   |                   |                   |                   | 

Panel-I1-1’ (new combined ABC plus new loci from Oct-2010) 

B8b barcode              92[  ]100 

D12(pet) *      310[________________]396 
D211 (ned)             167[_____________]235 
D10 (ned)*            248[____________________________]396 
D235 (vic)*   162[_________________]254 
D4D6 (fam)*        288[___________________________________]458 
D11b (vic)*            358[___________________]450 
3D4(pet)*             212[_______________]290 

Notice a 177.5bp FAM fragment in each of the I’s run 6Jan2011 

          |                   |                   |                   |                   |                   | 
+---------1---------+---------2---------+---------3---------+---------4---------+---------5---------+---------6 
          |                   |                   |                   |                   |                   | 

Panel-J1-1’ (new combined ABC plus new loci from Oct-2010) 

B8b barcode              92[  ]100 

D201 (pet)*        236[_______________]320 
D3 (vic)*              343[___________]411 
B5(fam)**     204[______________________]324 
 

D582   made bigger &yellow                          352[________________]425 

D534           105(144)[______________________________]241(280) 

D569 made smaller and green                   150[___________________]240 

          |                   |                   |                   |                   |                   | 
+---------1---------+---------2---------+---------3---------+---------4---------+---------5---------+---------6 
          |                   |                   |                   |                   |                   | 
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Discrimination Power / Utility  Summary
(Applications for Fisheries Management)
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Technique Species ID Provenance Individual

Protein Gels Y                  ?       -

mtDNA Y                  Y -

DNA Microsats - - Y 

SNPs Y                  Y                Y 



CSIRO – Oceans & Atmosphere - Australia
(Fishery Independent Data - Based on Genomics)

• Abundance and fishery monitoring        .

• Stock Structure/Provenance, chain of custody

• Gene Tagging

•Species ID Bradford et al., 2016
Marine Freshwater Research     

67(8):1081-1089
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Discrete pan-Pacific 
yellowfin populations

Western 
Pacific

Eastern 
Pacific

P.M. Grewe, et al,. Evidence of discrete yellowfin tuna 
(Thunnus albacares) populations demands rethink of 
management for this globally important resource.
Scientific Reports 5: 16916 (2015)



CSIRO Oceans & Atmosphere – Strategic Research
(Fishery Independent Data - Species ID/Stock Structure/Gene Tagging)
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Extending Work - External Funding/Collaborations (Tuna, Neritics, Billfish, Sharks)

• Atlantic (NOAA, VIMS, AZTI)
(USA, Spain)

• Indian Ocean (RITF, RIMF, MRC, AZTI, IRD, IFREMER, ACIAR, MSC, DFAT, IOTC/FAO),
(Indonesia, Maldives, Solomon Islands, Spain, France, PNG, others….)

• Pacific Ocean (FRDC, SPC, ICAAT, NOAA, WCPFC)

• CCSBT, projects looking at CloseKin/Mark-Recapture & GeneTag

Initial Approach
• CSIRO O&A used internal strategic funds to develop baseline genetics 

(DNA markers, assay techniques, statistical approaches, pop’n modelling)
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Species ID Using mtDNA Markers

Practical application :
• Tools to detect species substitution promoting Truth in labeling
• Verification of Catch documentation to identify IUU
• Check your own samples for sneakers (mislabeling accidents)



Single Nucleotide Polymorphism – SNPs

Noumea - Genetic Techniques Overview -Identifying the 
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• Genotyping by Sequencing – complexity reduction
(several techniques demonstrated power of these approaches)

• Provides species level discrimination
(Davies et al., 2016 - Report to TRAFFIC and CCSBT Secretariat, 2 October 2016)

• Can resolve population structure (provenance)
(e.g. YFT, BET, ALB, SKP, ABT)

• Excellent for Individual identification (Po'P, FSP, HSP)
(e.g. close-kin mark-recapture and gene-tagging)
(Individual identification through DNA profiling, CSI-Miami etc….)
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Individual Identification via Gene Tagging 
(Funded by CCSBT as part of ongoing recruitment monitoring)

• Individual Identification
Southern bluefin tuna (SBT) using 60 markers)

• Mark Recapture – Absolute abundance estimates of recruitment for
Stock Assessment and Management Procedures.
(~20,000 fish per year, sampling 6/minute)

• Product chain of custody



CSIRO – Stock Structure Program – Collaborators
(Fishery Independent Data Based on Genomics)

9. Genetic Approaches - Identifying the Spatial Stock Structure of Tropical Pacific Tuna Stocks | SAFET 2019 | Peter Grewe 

• CSIRO development of baseline genetics & tissue collection (20+ years)
(strategic research internally funded as well as co-investment with partners)

• Australian Centre for International Agricultural Research (ACIAR), BET / YFT
(Indonesia, Maldives, Solomon Islands)

• Marine Stewardship Council (MSC), Skipjack
(Maldives, Indonesia, Papua New Guinea)

• Inter-American Tropical Tuna Commission (IATTC), BET, YFT, SKJ

• Indian Ocean Tuna Commission (IOTC),  Neritics / Tropical Tuna / Sharks
(Maldives, Indonesia, France, Spain, others….)

• Australian Government Fisheries Research & Development Council (FRDC) 
Albacore / Bigeye / Yellowfin / Striped Marlin / Swordfish

• WCPFC tissue bank and people at SPC, ALB/BET/YFT/….etc…



Skipjack – Structure (MSC & IATTC)
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Maldives, Bismark Sea, Port Moresby, Solomons, Tasmania, Ecuador

• Provenance of individuals is very difficult for skipjack Tuna.

• Maldives and Ecuador genetically different (p<0.001).



BET – Sampling Locations
(CSIRO,  ACIAR,  Indonesia,  IATTC)
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Maldives,   Indonesia (9 sites),  WPO,  CPO,  EPO



BET – Genetic Analysis
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•Differentiation of fish present at an Ocean basin scale 
(Indian and Pacific Oceans).

•Differences appeared to be temporally stable

• In the Pacific there was significant differentiation 
between the WPO & EPO (p<0.001)



YFT – Distribution & Sampling
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(CSIRO, ACIAR, IATTC, NOAA)

Gulf of Mexico, Maldives, Indonesia, WPO, CPO, EPO



YFT – Genetic Analysis
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• Differentiation of fish at an Ocean basin scale 
(signal was temporally stable)

Proteins DNA SNPs

• DNA markers could identify provenance of 
individuals of western versus eastern Pacific Ocean

Heterogeneity across 
Pacific Ocean yellowfin, 
(left panel) using allozymes 
and using SNPs (right panel)

Western 
Pacific

Eastern 
Pacific



Successful Application of Genetic Tools
(Lessons for Genomics Based Fishery Management)
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• Requires effective integration of DNA approaches 
& broad scale genetic coverage / marker validation

• Collaboration with management agencies and 
member countries responsible for managing 
pelagic species.

• Identify important questions relevant to 
management, compliance, and supply chain.

• Establish a good research plan/sampling strategy.



Summary Outcomes & Future Directions

• Identified DNA markers for determination of
Species-ID, Provenance, &  Individuals
(e.g. Bigeye, Skipjack, Southern Bluefin, Yellowfin)

•Good spatial and temporal coverage, but, continue 
sampling to fill gaps in species distribution

• Complete development of a rapid test to deliver a 
low cost, high throughput, forensic grade test
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Discussion & Questions
Peter.Grewe@csiro.au

Campbell.Davies@csiro.au
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